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Dealing with perturbations such as economic crises, pandemics and climate change 
requires an understanding of the resilience and vulnerability of regions.  However, in 
the literature the concepts of a region and regional resilience lack clarity and are 
understood differently by different people.  The approaches to resilience 
measurement also differ, with many of them addressing only part or certain aspects 
of a region.  This paper reviews these concepts in an attempt to provide clarity of 
meaning and to contribute to a shared understanding of the concepts among both 
researchers and practitioners.  The paper emphasises systems approaches to 
regional resilience and highlights related measurement challenges. 
 
 




                                                 
1  CSIRO Sustainable Ecosystems: PMB 2, Glen Osmond  SA  5064, Australia.  
yiheyis.maru@csiro.au Y.T. Maru 
INTRODUCTION 
The world is facing increasing and novel social, economic and environmental 
change.  The interactions of multiple slow processes (stresses) and occasional 
sudden events (shocks) drive and shape these changes.  One can list several 
current perturbations (stresses and shocks)  and associated changes that traverse 
national boundaries: climate change, global economic crisis, outbreaks of swine flu, 
the spread of democratic processes, and the use of information technology, just to 
mention a few. 
Regions are affected by particular sets of perturbations and associated 
changes in different ways depending on the resilience or vulnerability of each region. 
But what is a region and what is regional resilience? 
There are different conceptions of a region.  Often regions are identified as a 
contiguous portion of the earth’s surface with some common or similar biophysical, 
climatic, economic or social properties.  Regions can be multi-national (eg. Sub-
Saharan Africa or Eastern Europe) or sub-national (eg. rangeland regions in 
Australia or metropolitan areas in the USA).  There are also administrative regions 
identified by administrative and planning boundaries and functional regions defined 
by service or industry linkages (Taylor, 2003; Beer, 2003).  
Resilience has diverse meanings and interpretations. Resilience often refers 
to a system’s ability to absorb perturbation and still maintain the same key structures 
and functions and therefore identity (Walker et al., 2002).  An individual’s resilience 
is his/her ability or competence to function well, despite adverse life circumstances 
(Gunnestad, 2006).  A concept closely and non-trivially related to resilience is 
vulnerability.  It is usually defined as the degree of susceptibility and inability of a 
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system to cope with perturbations (eg. O’Brien et al., 2004; Adger, 2006).  Some 
consider vulnerability as the flip side or the antonym of resilience (eg. Folke et al., 
2002).  Others consider that the vulnerability of a system is determined by its 
exposure, sensitivity and resilience or adaptive capacity to perturbation (eg. Adger, 
2006; Gallopin, 2006).  Still others treat vulnerability and resilience as related but 
distinct concepts, where the former pertains to system’s state before and the latter to 
the system’s response after perturbation (eg. Cutter et al., 2008).  Both concepts are 
used in a wide range of domains of applications including in psychology, ecology and 
studies focused on natural hazard, climate change, poverty and increasingly in 
social-ecological systems.  Here we treat resilience and vulnerability as related 
concepts and later raise what role vulnerability assessment can play in solving one 
of the measurement challenges related with resilience of regions as social-ecological 
systems.       
In the last two decades there has been a significant surge of articles on 
resilience and related concepts such as adaptive capacity, vulnerability and 
adaptation.  Swanstrom (2008) searched for published articles on resilience in the 
Social Science Citation Index (SSCI) for the period from 1997 to 2007 and recorded 
a 400 percent increase annually for the ten years.  Psychology and psychiatry 
related resilience topics were dominant in number.  Janssen (2007) conducted a 
similar study analysis on a broader data set (SSCI, Arts and Humanities Citation 
Index and Science Citation Index) on articles published from 1967 to 2007.  He also 
found a significant surge particularly since early 1990’s.  Resilience topics related to 
ecology were by far the most numerous.  
Because of a multiplicity of meanings associated with different domains of 
application, what it means to be resilient is not always clear and in fact the term 
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‘resilience’ often creates confusion.  Klein et al. (2003) point to such a confusion of 
interpretations while acknowledging the necessity of a certain level of diversity of 
meaning of resilience and vulnerability as applied to different domains of scientific 
work.  Pendall et al. (2007) caution scientists to have clarity of meaning and 
understanding of the concept before they embark on any work on regional resilience.  
Several reviews have attempted to provide some clarity about the meaning of 
resilience.  For example, reviews have been made by Folke (2006) on the history 
and current state of the concept of resilience as applied in ecosystem studies and 
more recently in social-ecological systems (here after known as SES); by Gallopin 
(2006) on linkages between the concepts of resilience, vulnerability and adaptive 
capacity; by Brand and Jax (2007) on resilience as a descriptive concept and as 
boundary object; by Adger (2000) on the link between ecological and social 
resilience; and by Klein et al. (2003) on usefulness of the resilience concept in the 
context of natural hazards.  Many others also have defined (eg. Carpenter et al., 
2001; Walker et al., 2004) and provided frameworks for resilience measurement (eg. 
Cumming et al., 2005; Allen et al., 2005; Bennet et al., 2005). 
The paper builds on these and other reviews and applications of the concepts 
and attempts to provide further clarity of meaning and emphasis on systemic 
measurement of regional resilience.  The first section will be on the meaning of 
regions, reasons for regional scale in resilience studies and the importance of 
conceptualising regions as systems.  The second section discusses interpretations 
and applications of the resilience concept.  The third section discusses some of the 
critical assumptions and motivations underpinning the diverse interpretations of the 
resilience concept and the challenges in regional resilience measurement.  The 
fourth section concludes the paper by emphasising areas that need further research.  
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Regions 
The term region is extensively and loosely used to refer to a part or division of the 
world, or of a nation.  One definition of a region is as ‘a classificatory concept 
designed to represent physical, cultural, social and economic characteristics for 
given portions of the earth’s surface’ (Taylor, 2003).  A region often contains 
adjoining places that have something in common (Beer et al., 2003), although at 
times a region can be conceptualised as a collection of non-contiguous entities that 
share functions or have similar socio-economic and ecological properties (Maru and 
Chewings, 2008).  
According to Taylor (2003), there are three major views of a region: 
geographic, functional or administrative.  In a geographic view, the physical 
environment is seen as underpinning the human environment.  Geographic regions 
are considered to be organic entities representing the spatial manifestation of long-
standing relationships between particular populations and the lands they occupy.   
These regions are formal and their key defining feature is uniformity, in one or more 
biophysical, social and /or economic characteristics.  Examples are the bioregions in 
Australia that were developed to set priorities for action to protect biodiversity 
(Australian Government, 2000). 
In the functional view, regions are not considered as natural phenomena but 
simply as a ‘‘method of classification’’ according to particular criteria or functional 
relationships.  For example the state of regions (SOR) report in Australia, 
commissioned by the Australian Local Government Association classifies Australia 
into six types of metropolitan and non-metropolitan economic regions (National 
Economics, 2008).  Another example of a functional region is a group of settlements 
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that are interdependent and interconnected by a strong pattern of flows of goods, 
services and people.   
The third and intermediary between the geographic and functional views is an 
administrative (programming) view of regions.  This provides a more pragmatic view 
of regions as it recognises that institutional structures within an economy and society 
tend to operate within administrative boundaries.  These represent the boundaries of 
governance, providing the framework within which planning decisions are made and 
services delivered.  
Specific criteria and characteristics are used to underpin the identification and 
formation of regions for a variety of purposes.  The criteria can be similar or shared 
language; or historical, political, administrative, cultural, ecological, climatic, 
biological or physical factors.  Regions formed for specific purposes, eg. bioregions 
or natural resource management regions, can be mapped to one of the three types.   
Resilience measurement can be conducted on regions formed for different 
purposes.  For regions that are defined geographically, the resilience of the 
longstanding relationship between the people and their environment can be 
assessed.  The functional dependence or interdependence of the heterogeneous 
linked entities (communities) can also be the focus of resilience or vulnerability 
assessments of functional region.  Similarly, it is also possible to assess the 
economic and social (including institutional) resilience of administrative regions. 
While at times it may be desirable to assess the resilience of regions identified 
or formed for specific purposes, the understanding we gain from such studies can 
only be partial.  Emergent properties with significance to resilience or vulnerability of 
a region can be lost when one focuses on specific aspects of a region that then 
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neglects interactions between the social, economic and ecological dimensions.  The 
key to assess resilience that accounts for such interactions is to use an integrative 
systems approach.  
Reasons for Regional Focus 
Before we discuss regions as systems we briefly explore why we focus on the 
regional scale for resilience study and measurement.  Although there is not much 
explanation as to why regions are the most preferred focal area in social-ecological 
resilience studies, we know that geographical regions are often conceptualised and 
identified to capture one or more properties of interest that are common to or shared 
by contiguous places.  Functional regions also enable us to identify distinctive 
interdependence and interactions among places.  Administrative regions are often 
flexibly formed with specific intent in mind.  This is unlike the national and local 
scales which are relatively given.  Regions are usually large enough to make 
policies, to coordinate management of resources and a variety of actions but are 
also small enough to adequately account for the heterogeneity related with places 
and people.  
It is this flexible nature of conceptualising and forming regions to suit 
purposes that make the regional scale appealing for social-ecological resilience 
studies.  The flexibility helps to identify regions with longstanding relationships and 
interactions between specific people and their surrounding natural resources.  This 
flexibility in region identification also assists to answer an important prerequisite 
question in resilience assessment: resilience of what to what?  For example, if the 
disturbance of concern or the answer to “resilience to what?” is a hurricane, then 
proximity to coast might matter thus, in response to the “resilience of what” question, 
one can identify costal and inland regions.  Furthermore, there is some economic 
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and social empirical evidence to support the importance of studies that focus on the 
regional scale.  In the USA, Pastor et al. (2007) investigated the importance of 
studying regions and concluded that “regions matter” and seem to matter more with 
time.  Their finding indicates that regions are not converging in their economic 
growth, suggesting existence of mechanisms internal to regions that warrant study.  
They also found that increasing income inequalities are generated and experienced 
at the regional scales. 
Regions as Systems 
For the purpose of assessing resilience we may conceptualise regions as systems.  
A system refers to a complex whole of interacting and interrelated components.   
Inhabited regions as systems contain interacting human and environmental 
components (subsystems).  The subsystems themselves contain different interacting 
components.  The region as a system also contains localities as systems at a lower 
scale.  Of course the region itself is nested in a larger or supra-system in this case 
which can be a state, a nation, or the world.  The importance of regions as systems 
for resilience studies is that the region as a bounded entity has properties that differ 
and are unpredictable from the study of its inter-connected component parts.  Berkes 
and Folke (1998) indeed argue that the delineations we frequently make between the 
social and biophysical systems are arbitrary and artificial, particularly with ever 
increasing interactions and impacts.  
The concepts of state space, basin of attraction and multi-stability are central 
to understanding both regions as social ecological system and their resilience, thus 
are introduced briefly below before we review the concept of resilience.  
As a system, a region has a state space.  A state space refers to the set of all 
possible combination of the values of the variables that constitute the system.  The 
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state of the system at any time is defined by the values of the variables of the 
system.   
A basin of attraction is a locality or sub set of the state space in which the 
system tends to stay.  A basin of attraction has an attractor towards which all set of 
initial points in the basin tend to go.  The basin also has a boundary (or thresholds) 
beyond which the influence of the attractor of that basin ceases.  The attractor can 
be a fixed point, a curve, or manifold complex structures leading to different 
behaviours of systems (Ludwig et al., 1997; Milner, 2006).  The various basins that a 
system may occupy, and the boundaries that separate them, are known as a 
“stability landscape” (Ludwig et al., 1997).  
As systems, social-ecological regions are likely to have multiple basins of 
attraction.  In his early studies, Holling (1973) noted the existence of multiple 
domains of attractions in ecosystems.  This was in contrast to the then prevailing 
assumption that ecosystems are in or move to a steady state or equilibrium 
essentially meaning having only one basin of attraction.  Figure 1 shows a stability 
landscape with only one basin of attraction.  
FIGURE 1 ABOUT HERE 
Social-ecological systems can also be described as having multiple basins of 
attraction (Walker et al., 2006).  Buffeted with varieties of stochastic events, 
exogenous and endogenous disturbances, a SES moves around within a particular 
basin of attraction rather than going directly towards its attractor (Gunderson and 
Holling, 2002; Walker et al., 2004; Walker et al., 2009).  Figure 2 shows a stability 
landscape with multiple basins of attraction.  Unlike a system with one basin of 
attraction and near equilibrium or attractor, in figure 1, the system is located close to 
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the boundary of the basin to illustrate its precarious position in relation to the 
boundary and near by basins.  
FIGURE 2 ABOUT HERE 
Two essential properties of SES contribute to its unstable equilibrium: 
multistability of the state space of the system and behaviour near the boundary of a 
domain of attraction. Systems with multistable state space and unstable behaviour 
can show a surprising qualitative change as a result of a big shock or a serious of 
small perturbations. Such qualitative change in identity of a system marks a shift of 
the state of the system from one basin of attraction to another (Holling 1986; 
Gunderson and Holling, 2002; Gallopin 2006). 
The Resilience Concept 
According to the Oxford English Dictionary resilience is a common term derived from 
the Latin word “resilire” meaning to ‘leap back’.  It is often applied to a substance or a 
person.  With regard to a substance it means to recoil or spring back into shape and 
size after being bent, stretched or compressed.  Resilience of a person refers to 
ability to withstand or recover quickly from difficult conditions. 
Technical Meaning of Resilience 
The scientific use of the concept of resilience has appeared simultaneously in the 
ecology and health sciences particularly in psychology and psychiatry.  Resilience 
entered into the lexicon of psychological studies triggering a shift from focusing on 
risk factors that led to psychosocial problems to the identification of strengths of an 
individual in the face of risks and adversity (Van Breda, 2001).  The concept has 
been in use at lease since the early 1970’s (Werner, 1971) although Van Breda  
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(2001), in his review of the concept as it is applied in health and childhood 
development, asserts that it has been in use for 60 years.    
In ecology, the concept was introduced by Holling in 1973 in his seminal 
paper that discussed and compared resilience and stability of ecosystems (Holling, 
1973).  As in the health sciences, the resilience concept in ecology is also 
associated with triggering a shift from viewing ecosystems as stable entities with or 
near to a state of equilibrium to entities with multi-stable states and non-equilibrium 
behaviour. 
Resilience in Health and Social Studies 
In psychology, mental illness and child development studies, resilience is used 
invariably as a normative concept.  It refers to manifestations of competence in 
children despite exposure to stressful events (Garmezy et al., 1984), the positive end 
of the distribution of people’s responses to stress and adversity (Rutter, 1987), the 
successful adaptation following exposure to stressful life events (Werner, 1989) or 
the ability to cope and do well in life despite difficulties (Gunnestad, 2006).  Masten 
et al. (1990) recognise resilient phenomena when (1) individuals at risk show better 
than expected outcomes, (2) positive adaptation is maintained despite the 
occurrence of stressful experiences, and (3) there is a good recovery from trauma. 
Similarly, resilience in family studies is also a normative concept.  It refers to 
properties that help families to resist disruption in the face of change and to adapt in 
the face of crisis situations (McCubbin and McCubbin, 1988); to abilities to overcome 
adversity, survive stresses, and rise above disadvantages (Valentine and Feinauer, 
1993); or qualities that enable a family to maintain equilibrium as they experience 
crises (Hawley and DeHaan, 1996).    
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In hazards studies, a city, a community or a region is called resilient if it has 
the capacity to reduce or avoid losses, contain the effects of disaster and recover 
with minimal social disruptions (Tierney and Bruneau, 2007; Cutter et al., 2008); or 
recover its level or trajectories of population, economic activity and or built 
environment to a state before perturbing events or processes (Vale and Campanella, 
2005).  In climate change studies Timmerman (1981) defined resilience as the 
measure of a system’s or part of a system’s capacity to absorb and recover from the 
occurrence of a hazardous event.  In economic studies, recovery to pre-shock levels 
and trajectories of economic performance are considered as measures of resilience 
(Hill et al., 2008).  Pendall et al. (2007) call a region “resilient” if, when faced with a 
challenge, it responds in ways that maintain or even increase good outcomes.  In 
national security studies resilience is defined as an ability of a nation-state, to cope, 
adapt and preserve social cohesion when it is confronted by external and internal 
stresses caused by socio-political change and/or violent disturbances such as a 
terrorist attack (Long, 2008). 
We make two important observations from the preceding different definitions 
of resilience as applied to an individual, family, community, region, a nation-state or 
a society in general.  The first observation is that in relation to individuals or social 
systems resilience definitions are often normative, i.e. resilience is a good thing, a 
topic which we will raise again later on with regard to descriptive use in ecological 
and most social-ecological studies.  The second observation is that most 
applications of the resilience concept on individual or social systems if not explicit 
have at least implicit a steady-state (an equilibrium) assumption that the entity has to 
hold onto or bounce back to after a perturbation.  Resistance and recovery are key 
elements of the idea of resilience in individual and social studies.   
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Resilience in Ecology and Social-Ecological Studies  
As mentioned above, Holling introduced the resilience concept in ecology and 
defined it as a “measure of the persistence of systems and of their ability to absorb 
change and disturbance and still maintain the same relationships between 
populations or state variables” (Holling, 1973: 14).  He introduced the resilience 
concept with new non-equilibrium view of stability of ecosystems.  For Holling, 
ecosystems have multi-stable states and are therefore bound to display far from 
equilibrium behaviour around stability boundaries.  This was in contrast to a then 
prevailing notion where ecosystems were perceived as having a single stable 
domain with studies focusing on near equilibrium behaviour.     
In making his observation about multi-stable states of ecosystems clearer, 
Holling identified two different conceptions of resilience in the ecological literature: 
ecological- and engineering-resilience.  Consistent with his original definition, Holling 
(1996: 33) interpreted ecological resilience as the magnitude of disturbance that can 
be absorbed before the system changes its structure by changing the variables and 
processes that control behaviour”  Here ecosystems are assumed to have stability 
landscape with multiple basins of attraction and display complex and nonlinear 
behaviour which is far from equilibrium and full of uncertainty.  The focus of studies 
of ecological resilience is a system’s persistence in a basin of attraction where 
instabilities can shift the system into another regime of behaviour.  
In contrast, what Holling (1996: 33) called “engineering resilience” refers to 
the extent of resistance to disturbances and the speed at which a system returns to 
stable state following a disturbance (Pimm, 1991: 13).  Here, ecosystems are 
presumed to have single equilibrium and are treated akin to designed systems with 
emphasis on efficiency, constancy and predictability (Berkes and Folke, 1998).  This 
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view of resilience still persists in some ecological studies and is a predominant 
perspective in the fields of psychology, economics, disaster and other social studies 
that seek to understand why people, cities, and regions recover from disturbances or 
intense stresses.   
The concept of ecological resilience was expanded and applied to linked SES.  
It has been interpreted as a measure of robustness and buffering capacity of the 
system to changing conditions (Berkes and Folke, 1998: 6); as the magnitude of 
disturbance that can be experienced without  a system flipping  to another stability 
domain (Holling and Gunderson, 2001: 50); and as the width of desirable attractor 
(Carpenter et al., 2001: 178).  
To assist measurement and to accommodate for the social components of the 
SES, Carpenter et al. (2001) specified the concept of resilience as (1) the amount of 
change that a system can undergo while still maintaining the same controls on 
structure and function; (2) the system’s ability to self-organize; and (3) the degree to 
which the system is capable of learning and adaptation.  This specification of the 
concept of resilience is consistent with the definition of ecological resilience in 
emphasising persistence.  However, it has significantly expanded the original 
definition by two additions: ability to self-organise and to learn and adapt.  The 
expansion gave the resilience concept the sense of process in addition to its nature 
as a property of the system in question.  While capacity to self–organise and adapt 
are shared properties of social systems and ecological systems, learning is 
essentially a human capability.  In an article that categorises different interpretations 
of resilience in terms of their normative content, Brand and Jax (2007) group this 
definition of resilience as a hybrid in the sense that it combines descriptive and 
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normative elements.  Brand and Jax (2007) see normative loading of the resilience 
concept as a problem, an issue we will raise later in the discussion section.   
Recognising the diverse and expanded interpretations of resilience and the 
confusion thereof, Walker et al. (2004) provided a refined definition and dimensions 
of resilience as applied to SES.  Resilience is defined as “the capacity of a system to 
absorb disturbance and reorganize while undergoing change so as to still retain 
essentially the same function, structure, identity and feedbacks” (Walker et al., 2004: 
2). Walker et al. (2004: 2-3) characterised resilience of a system as having four 
crucial dimensions: 
1.  Latitude: the maximum amount a system can be changed before losing its 
ability to recover (before crossing a threshold which, if breached, makes 
recovery difficult or impossible). 
2.   Resistance: the ease or difficulty of changing the system; how “resistant” it is to 
being changed. 
3.    Precariousness: how close the current state of the system is to a limit or 
“threshold.” 
4.   Panarchy: because of cross-scale interactions, the resilience of a system at a 
particular focal scale will depend on the influences from states and dynamics at 
scales above and below.  
Compared to that given by Carpenter et al. (2001), this definition does not 
emphasise learning and adaptation.  However, in his recent article on the genesis 
and current state of the resilience concept, Folke (2006) noted that the ability of 
complex systems such as SES to self-organise is a source of capacity not only to 
absorb and deal with perturbations but also to adapt to changes that follow 
14 Y.T. Maru 
perturbation and even regime shifts.  Therefore, Folke (2006) continues, this is why 
the concept of resilience in SES needs to incorporate the ideas of learning and 
adaptation in addition to the general ability to persist despite perturbations.  
Although not entirely clear, learning and adaptation, particularly that which 
happens once the boundary of a basin of attraction is transgressed, seem to be 
accommodated in Walkers framework by another related term - adaptability or 
adaptive capacity (Walker et al., 2004). Adaptability… ‘mainly a function of the social 
component’ of the SES is …’the capacity of humans to manage resilience’ (Walker et 
al., 2004: 3).   
Managing resilience is a normative activity which is not always about 
maintaining a system in a domain of attraction.  It can involve moving to a different 
desirable state space within a basin of attraction, or to another more desirable basin 
of attraction (regime shift) and possibly returning to and/or recreating a basin of 
attraction that has been once lost.  The capacity to manage for desirable resilience 
(adaptability) involves learning and adaptation.  
Adaptibility includes causing a desired regime shift, which by definition means 
a loss of resilience.  Loss of resilience is not always bad.  Many poverty and 
development researchers have proposed the existence of poverty and prosperity 
basins of attraction and argued that many Sub-Saharan countries and 
disadvantaged segments of communities in developed countries have been long 
caught in persistent (resilient) poverty traps
2 (eg. Azariadis, 2001; Bowles et al., 
2006).  Surely poverty is not desirable and interventions in the form of massive cash 
injection to poor countries that may cause regime shift have been proposed (eg. 
                                                 
2  This view contrasts with that in the resilience literature particularly that which deals with adaptive 
cycle and panarchy, where a system in poverty traps is considered not in a resilient state but as a 
system stuck in its adaptive cycle with low capital, low resilience and low connectedness . 
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Saches, 2005).  A dictatorship can also be resilient but usually undesirable for those 
dictated
3.  
Managing to get out of resilient dictatorship is often a long and difficult task 
but from the viewpoint of those dictated transformation would likely be desirable.  
Transformation however requires what Walker et al. (2004) defines as 
transformability ‘the capacity to create a fundamentally new system when ecological, 
economic, or social, including political, conditions make the existing system 
untenable.  However, a system does not always have to be untenable in order to 
lead to the creation of a new system.  For example an extensive mineral resource 
discovery in an agricultural region can introduce a new significant component and 
create new processes that control new feedback loops in the region.  
FIGURE 3 ABOUT HERE 
Figure 3 illustrates regime shift (a) and transformation (b).  A regime shift 
involves a system state crossing boundaries of a basin entering into another but 
within the stability landscape of the system.  In contrast, transformation is a 
formation of a new system with a new stability landscape.  It involves creating a 
novel system configuration by introducing new structures and processes that control 
the feedback loops of the system (Olsson et al., 2006).   
We introduced the concepts of adaptability and transformability as defined by 
Walker et al. (2004), because of the potential they have to resolve concerns of 
normative loading and tension associated with the original definition of resilience 
(Brand and Jax, 2007).  We will explore this possible solution further in the 
Discussion section but here it should be noted that there are quite different views on 
                                                 
3  The same is with dictatorship – although some times depicted as an example of an undesirable but 
resilient system it is often expressed as a rigidity trap - another departure from a normal adaptive 
cycle with high capital, high connectedness but low resilience.     
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the relationships between adaptability or adaptive capacity and resilience.  Walker et 
al. (2004) keeps them separate, some treat them as equivalent (eg. Smit and 
Wandel, 2006; Nelson et al., 2007) others (eg. Carpenter et al., 2001; Folke, 2006) 
treat adaptive capacity as a subset of resilience, and yet others consider resilience 
as a subset of adaptive capacity (Adger, 2006; Brikmann, 2006).   
Resilience Measurement 
Managing for desirable resilience is important for the sustainability of regions as 
SES.  Managing for desirable resilience provides a focus on the persistence 
(existence) of the system in the face of internal and external perturbations.  This is in 
contrast to the usual preoccupation of studies with efficiency and effectiveness in the 
performance of part or whole of a system.  
Managing for desirable resilience or adaptability requires some form of 
measurement.  However, measurement of resilience of a region as SES is not an 
easy task.  This is because social-ecological resilience is a multifaceted concept.  As 
a system a region can be conceptualised as having social, economic and ecological 
subsystems or domains.  The region also has localities and is nested in state, 
national or other relevant geographic or ecological scales.  It requires the 
identification of key regional components and relationships and controlling processes 
that give identity to the system in question - in this case regions as SES.  We also 
need to understand about the magnitude and properties of the disturbance and how 
it interacts with other drivers relevant to the region.    
The resilience literature has focused on at least four categories of reference 
criteria for resilience measurement.  
17 Resilient Regions: Clarity of Concepts and Challenges to Systemic Measurement 
The first category focuses on some general indicators of relative response 
capacity of regions to perturbation.  For example in the context Australian broadacre 
agriculture, Nelson et al. (2005) measured resilience (vulnerability) of farming 
regions to structural adjustment pressures that arise from declining terms of trade 
and productivity changes associated with changes in policies, technologies, 
resources and climate.  The indicators used for mapping relative resilience of the 
farming regions were the level of natural, physical, financial, human and social 
capital held or accessed by farming households.  
The second category considers a variety of per-disturbance states of 
performance of a system as criteria for measurement of resilience.  Resilience of the 
system is then measured as the rate and level of recovery to these states, which are 
implicitly assumed as normal or steady states.  For example, to assess resilience of 
regional economy, pre- and post- shock measures of economic activity including 
regional domestic product, employment rates etc. are used as reference criteria. 
(Pandell et al., 2007; Hill et al., 2008). 
In the third category, the likely potential reduction in performance due to a 
disturbance is used as reference.  Resilience, for instance economic resilience, can 
be measured as the difference between potential reduction and the actual reduction 
in economic activity given a disturbance (Rose, 2007).  The higher the difference is, 
the more resilient the economic system under study (Di Falco and Chavas, 2008).    
The fourth category takes a systems approach and focuses on thresholds to 
mark limits of the capacity of a systems to absorb perturbation.  In other words 
crossing thresholds constitutes a regime shift and can lead to a change in identity of 
the system.  Here values of controlling variables vis a vis threshold levels and 
changes in thresholds are investigated.  Using thresholds as criteria for measuring 
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resilience follows the definition of ecological resilience (Holling, 1973, 1996) and is 
also embodied in most social-ecological resilience interpretations (eg. Carpenter et 
al., 2001; Walker et al., 2004).  There have been proposals on how to identify 
surrogates for measuring resilience of SES that consider thresholds (e.\g. Carpenter 
et al., 2001; Cumming et al., 2005; Bennett et al., 2005; Carpenter et al., 2005).  The 
resilience alliance has also developed a hand book on how to assess SES resilience 
(Resilience Alliance, 2007).  There are also a few case studies that applied system 
dynamics approaches (eg. Cummings et al., 2005; Walker et al., 2009).  
In the context of disaster studies, Cutter et al. (2008) have developed a 
conceptual model named as disaster resilience of place (DROP).  This model is to 
provide a guide for developing community resilience metrics and data collection.  It 
incorporates a question “is absorptive capacity exceeded?”  Answering this question 
can guide investigation of thresholds although this may not be the original intent of 
the authors.  The intent may have been to discover whether the capacity of the 
community in question, in our case a regional community, will be able to cope with a 
disaster or will its capacity be overwhelmed and therefore need outside help.  Help 
obtained from outside that bolsters resilience raises another important issue to the 
measurement of resilience which we will discuss later. 
DISCUSSION 
Resilience has multilevel meaning.  It is used as a metaphor, a perspective, an 
approaches or a technical concept (eg. Carpenter et al., 2001; Gunderson and 
Holling, 2002; Folke, 2006).  In this paper we concern ourselves with the latter.  As a 
technical concept, resilience has diverse meanings applied in different fields of 
studies.  While it may be appropriate to adjust the meaning of resilience to different 
fields of study and as more is known about the concept, this has caused confusion 
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and may hamper progress in understanding and applying the concept as an 
essential property of systems including social-ecological regions.  
To contribute to the clarity of meaning of resilience we have explored the 
different assumptions and motivations that underpin the different technical uses of 
the concept.  Allusions to these assumptions and motivations have been made in the 
preceding brief excursion into some of the critical steps in the historical development 
of the resilience concept and its diverse interpretations in different application 
domains.  Here we focus on three areas important for clarity of the concept and the 
study of the resilience of regions.  They are: 
1.  Is resilience as descriptive or normative concept? 
2.  Recent meaning expansion and attendant tensions 
3. Contrasting  reference  criteria  for resilience measurement 
We also highlight the challenges for resilience measurement. 
Resilience as a Descriptive or Normative Concept 
In general, as shown in Table 1, definitions of resilience in health, social, economic 
and disaster studies are normative in the sense that to have resilience is considered 
inherently good.  In contrast in ecology the original and subsequent definitions of 
resilience are descriptive.  This distinction is not surprising because from an 
ecological perspective there is no presumption that one state is more or less 
desirable than any other.  In other words desirability is an issue that is assigned by 
humans and as such it requires a discussion and debate by stakeholders because 
what may be desirable for some may not be for others.  
TABLE 1 ABOUT HERE 
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When it comes to linked SES studies some have maintained resilience as a 
descriptive concept and others included a normative content.  On the one hand, 
consistent with application of the resilience concept in health and social studies, 
Swanstron (2008) argues that even in ecology, resilience has to be considered as a 
normative concept.  Swanstron (2008) continues that resilience has an objective and 
can only be understood with reference to some desirable outcome.  On the other 
hand, Brand and Jax (2007) noted their concern that the inclusion of normative 
content may blunt the analytical usefulness and meaning of the resilience concept.  
They argued that the recent expansions of the concept are vague and malleable and 
only useful as a boundary object.  A boundary object is a concept used to facilitate 
communication across disciplinary boundaries although the disciplines involved in 
the communication may differ in the precise meaning of the concept, in this case 
resilience.  They argue that to maintain its technical usefulness resilience has to be 
kept as a descriptive concept. 
I support Brand and Jax’s (2007) suggestion to keep resilience as a 
descriptive concept for three different reasons.  The first reason is that keeping the 
concept descriptive doesn’t prevent us from adding on top normative judgments 
through inclusive discussions with stakeholders for instance, about the desirability of 
the state of resilience of the system in question.  The second and related reason is, 
as has been previously stated, resilience of a system is not always a desirable thing.  
Poverty, for instance, may be resilient but clearly undesirable.  The third reason is 
that the resilience and the desirability of resilience may vary across stakeholders 
within a SES.  These distributive issues require separate and appropriate treatment. 
Such a separate and appropriate treatment can be lost if one considers resilience as 
inherently good.  This separate treatment can be conducted as part of the concept of 
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adaptability as defined by Walker et al. (2004) as the capacity to manage for 
desirable resilience.  Such a definition of adaptability removes the need to consider 
normative issues as part of the concept of resilience. 
Meaning Expansion and Attendant Tension 
The definition of resilience as applied to SES has been expanded from that initially 
used in ecology.  On top of the original focus on resilience as a system’s capacity to 
absorb disturbances and still maintain function and structure, Carpenter et al. (2001) 
explicitly added the ability for self organisation, learning and adaptation.  This is 
reinforced by Folke (2006) who emphasised the importance of adaptive capacity and 
learning, in addition to innovation and transformability. 
The expansion of the interpretation of resilience as applied to SES is 
understandable because SES in contrast to ecosystems contain a social component 
plus properties that emerge from the interaction of social and ecological subsystems.  
However, this expansion creates tension to the central focus of resilience (Gallopin, 
2006).  Given a disturbance, a SES is resilient if it can absorb the disturbance and 
stay in the same basin of attraction.  By definition the system is not resilience or has 
lost resilience if, given the disturbance, it crosses or is expected to cross basin 
thresholds and enters another basin of attraction (Cummings, 2005).  Such crossing 
from one basin of attraction to another is called regime shift.  While absorptive 
capacity is within a basin, learning and adaptation can straddle basins (regime shift).  
If one is to measure resilience based on the expanded definitions, it is difficult to 
know whether resilience is low or high if a high level of learning and adaptation 
occurred after thresholds are crossed.  Indeed some have used terms such as 
inherent resilience to describe what happens to absorptive capacity and adaptive 
resilience after thresholds are crossed.  An alternative to such reformulation is to 
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adopt the definitions of resilience and adaptability suggested by Walker et al. (2004) 
and treat learning and adaption in response to regime shift as part of adaptability.  
Having said that, although adaptation and learning are necessary expansions to 
resilience as applied to SES, it is not entirely clear how we can differentiate between 
that which happens before a threshold is crossed and that which happens after.  The 
types of learning and adaptation may be different and knowing about these 
differences is made difficult because we may not know when or whether thresholds 
are crossed for some time.  Walker and Meyers (2004) noted that of 64 examples of 
systems crossing thresholds compiled as an initial database none were predicted.   
Contrasting Reference Criteria for Resilience Measurement 
Earlier, four categories of reference criteria for resilience measurement were 
identified from the literature.  These were general indicators of response or adaptive 
capacity (eg. access to different types of capital); pre-shock state of the system 
under investigation (eg. pre-shock level of economic activity); the maximum potential 
damage a perturbation could have caused (eg. the difference between potential and 
actual economic activity after disturbance); and the state of a systems vis a vis 
thresholds.   
The first three categories don’t make any reference to thresholds and have no 
way of accounting for whether regime shifts have occurred or are imminent given a 
perturbation. Though not explicit, the default assumption of particularly the second 
and third reference categories is that a system of interest is locally stable where 
disturbance has created more than normal variance around equilibrium.  The 
conception of resilience with such reference or criteria is similar to the engineering 
resilience definition as discussed earlier (Holling, 1996). 
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The investigation of possible thresholds is a significant part of a resilience 
measurement.  However, Rose (2007: 386) argues that changes in the identity of 
systems that come as a result of crossing thresholds implied in ecological resilience 
have limited usefulness in economics.  Rose (2007) goes on to assert that in 
economic systems changes similar to that in ecosystems can only be expected in the 
context of the most severe hazards.   
Rose’s observation about ecosystem changes may be important in the sense 
that the nature of thresholds in social and economic systems may be different from 
that in ecosystems.  After all, as Adger (2000) noted, the application of the concept 
of resilience cannot be transferred uncritically from the studies of ecosystems to that 
of social systems.  However, measurement of resilience as proposed in the first 
three categories that emphasised indicators of capacity or certain forms of 
performance measures given a disturbance, though useful, may lead us to lose the 
major insight gained from resilience work in ecosystems.  This insight is the multi-
stable states space and the non-equilibrium behaviour of complex systems such as 
regions, and the possibility of crossing thresholds that can lead to irreversible 
change in identity of the system.  Investigation of thresholds has to be a core part of 
resilience measurement of regions because crossing thresholds has a significant 
practical implication for the sustainability of systems including economic, social or 
SES.  
One of the challenges in measuring the resilience of regions as SES is that 
thresholds are hard to detect.  The only sure way of detecting thresholds is to cross 
them (Carpenter et. al., 2005).  The database of thresholds initiated by Walker and 
Meyers (2004) that contains mainly ecological examples is important for resilience 
measurement.  Little is documented on thresholds particularly in social and 
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economic systems (Walker and Meyers, 2004).  Nevertheless it doesn’t mean they 
do not exist.  Few examples include those thresholds involved in paradigm shift, 
(Kuhn, 1962) sudden shift in long held public attitudes and policies for instance to a 
new and slowly increasing environmental problems (Scheffer et al., 2003; Brock, 
2006) and to non-market values of ecological resources (Walker et al., 2009).     
Another candidate for addition to this short list is thresholds along subjective 
wellbeing (SWB) scores.  Cummins (1995) has found a remarkable stability and 
homogeneity of SWB scores within and across populations.  The mean scores were 
around 75% of the scale maximum (SM) with remarkably two standard deviation of 
5% SM SWB.  Cummins (1995, 2003) proposed a psychological process responsible 
for maintaining homeostatic SWB within 70% SM to 80% SM.  However, sufficient 
reduction in SWB scores is associated with loss of cognitive homeostasis and 
depression.  Thresholds along SWB are important particularly for studies of social 
resilience in disaster situations.  Disaster is often associated with increased level of 
mental illness (Gerrity and Flynn, 1997).   
The second challenge in assessing regional resilience is that it requires an 
integrated systems approach which can be complex and challenging.  This is 
because the resilience of a system is a function of the interaction between scales 
and domains (subsystems).  A threshold crossed at a national scale can have a 
cascading effect to regional and local scales.  Similarly, threshold crossing in 
ecological system can have a cascading effect on thresholds in economic and social 
systems (Kinzig et al., 2006).  Depending on the issues and disturbances in question 
there may be instances where studying the resilience of either social, economic or 
ecological systems are warranted.  However perturbations usually happen in bundles 
and their impacts often cross domains.  In these instances a study on resilience of 
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one domain to perturbations doesn’t tell us the parallel and linked impact of these 
perturbations on the other domains.  There is also the possibility of gaining resilience 
in one domain at the expense of resilience loss in other domains, although in the 
long run this could lead to a far reaching loss of resilience in all domains. 
The third resilience measurement challenge is accounting for the relationship 
between outside help and the resilience of a system.  While there has been work on 
how resource dependency may affect social resilience (eg. Adger, 2000; Marshall et 
al., 2007); the relationship between outside help and resilience has not yet received 
enough attention.  On the one hand outside help that may be granted during and 
after a perturbation can be considered as part of the network of capacities a region 
can access to resist, persist and adapt to perturbations.  On the other hand common 
sense dictates that we consider the resilience of a system only to capacities that 
pertain to the system.  One can differentiate help that is as a result of entitlements in 
contrast to claims that are purely based on humanitarian grounds in determining 
which constitutes dependency and which not.  However, whatever sort of help, 
Walker et al. (2009) note that while subsides, presumably entitlements of citizens 
affected for example by drought, can bolster resilience they are only delaying what 
could be an inevitable loss of resilience that may extend its reach.  
The fourth measurement challenge is accounting for the relationship between 
resilience and equity.  The issue of accounting for equity in resilience is not explored 
much in the literature.  This may be because resilience is an emergent property of a 
system thus hard to locate its specific location or distribution.  However, the 
distribution of the absorption of perturbation that contributes to resilience is important 
to individuals and groups in SES.  Unlike in ecosystems while the loss of individual 
species may not matter to resilience of ecosystems as long as keystone species and 
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critical processes that regulate hierarchical structures and functions of the system 
are maintained, differential impact of the absorption of disturbance to individuals and 
social groups matter much even when key processes and elements are maintained.  
One way to account for distribution of absorption of disturbance and associated 
potential cost/benefits among the social component of the SES in question is to 
conduct vulnerability assessment in conjunction with resilience measurements.   
Equity and justice considerations are widely considered in the literature on 
vulnerability of SES (eg. Adger and Kelly, 1999; O’Brien et al., 2008). 
CONCLUSION 
Resilience is a property of a system.  Conceptualising regions as SES is important 
for studying their resilience.  This is because a systems approach to regions can 
allow accounting for domain (social, economic and ecological) and scale interactions 
that lead to non-linear and complex emergent properties with significance for the 
resilience of regions.  Such emergent properties can be missed if we study regions 
as only economic, social or biophysical entities.  
Resilience as a technical concept has diverse interpretations that often lead to 
confusion.  In an attempt to contribute to clarity of the concept, we have reflected on 
three issues related to the assumptions underling interpretations and use of 
resilience.  The first is whether resilience is assumed to be a normative or a 
descriptive concept.  The second is a tension in the definition of resilience that arises 
from extending the concept to apply to linked social-ecological systems.  The third is 
the use of thresholds or variants of steady state as reference criteria for assessing 
resilience that  reflect contrasting underlying assumptions on stability of  systems of 
interest.  
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In this paper it is proposed that resilience be defined as a descriptive concept 
as it is applied on regions as SES.  The desirability of resilience of a system and its 
distribution are significant issues that should not be assumed by definition.  Rather 
they should be treated separately and appropriately by involving stakeholders of the 
system of interest. 
Addition of learning and adaptation to the interpretation of social-ecological 
resilience may be necessary but creates a tension with the original definition of 
resilience that focuses on the capacity of a system to absorb a disturbance.  While 
absorptive capacity is within a basin of attraction, learning and adaptation traverses 
threshold crossings.  One way of resolving this tension is to consider learning and 
adaptation as part of the adaptability concept which refers to capacity of humans in 
the system to manage for desirable resilience.  
Thresholds, although hard to detect, are important for understanding and 
measuring resilience.  Thresholds indicate the possibility of alternate basins of 
attraction or change in identity which can be undesirable and irreversible.   
Approaches to resilience that do not consider thresholds, while they may be useful, 
can fall short of providing significant understanding for improving the sustainability of 
the system.    
Issues that require further study include the identification and implication of 
thresholds, particularly in social and economic subsystems; the relationship between 
external dependency and resilience; and between equity and resilience. 
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Figure 1.    Uni-stable system state space with equilibrium behaviour 
Near equilibrium (attractor) system state  A system - near equilibrium (attractor)  
 
(Adapted from Walker et al., 2004) 
 
34 Y.T. Maru 
Figure 2.    Multi-stable system state space with non-equilibrium behaviour   
 
   
System far-from equilibriu 
Different shapes of attractors 
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(Adapted from Walker et al., 2004) 
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Figure 3(a).  Regime shift – boundary crossing within system’s stability landscape  








(Adapted from Walker et al., 2004) 
 Y.T. Maru 
 
Table 1.   Selected resilience definitions to illustrate normative content, focus and measurement reference  
 
Application Domain  Descriptive/
Normative  
Focus and measurement 
reference  
Psychology 
the successful adaptation following exposure to stressful life events (Werner 1989) Normative  Successful  adaptation 
Assumed normal state 
the positive end of the distribution of  people’s responses to stress and adversity 
(Rutter 1987) 
Normative Successful  responses 
Assumed normal states 
Social studies 
The ability of a region to recover its level or trajectories of population, economic 
activity and or built environment to a state before perturbing events or processes 
(Vale and Campanella, 2005). 
Normative  Recovery to levels of 
performance to pre-perturbing 
events  
Assumed normal states 
The capacity of a system, community or society to resist or to change in order that it 
may obtain an acceptable level in functioning and structure (UN/ISDR, 2002) 
Normative  Resistance or adaptation 
Assumed normal states 
Ecology  
The ability to absorb change and  disturbance and still maintain the same 
relationships  between populations or state variables” (Holling 1973). 
Descriptive Persistence   
thresholds  
the speed at which a system returns to stable state following a disturbance (Pimm 
1991) 
Descriptive  Return rates  
equilibrium 
Social-ecological studies 
The underlying capacity of an ecosystem to maintain desired ecosystem services in 
the face of a fluctuating environment and human use (Folke et al., 2002) 
Normative Resistance,  persistence 
learning and adaptation  
thresholds 
The width of desirable attractor (Carpenter, Brock and Ludwig 2001). Normative  Persistence 
thresholds  
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